Objective To examine the effect of a prenatal lifestyle intervention on postpartum weight retention (PPWR).
Results Of 606 women randomised, 591 were included in an intention-to-treat analysis of pregnancy outcomes and 391 (64.5%) were analysed 12 months postpartum. Mean PPWR was not significantly different between groups (0.66 kg for intervention versus 1.42 kg for control group, mean difference À0.77 kg, 95% CI À1.81, 0.28; P = 0.149). An increased proportion of intervention participants achieved pre-pregnancy weight (53% versus 43%, OR 1.50, 95% CI 1.003, 1.471; P = 0.045). However, the difference was not statistically significant when we adjusted for missing data (adjusted odds ratio (OR) 2.23, P = 0.067) using logistic mixed-effects models analysis. Women compliant with intervention had significantly lower PPWR than control participants, also after adjusting for potential confounders (adjusted mean diff À1.54 kg, 95% CI À3.02, À0.05; P = 0.039).
Introduction
Weight gained during pregnancy and retained in the postpartum period has importance for a woman's lifetime risk of obesity, and may increase her subsequent risk of chronic diseases such as type 2 diabetes and cardiovascular disease. [1] [2] [3] [4] Weight retained postpartum also has significance for future pregnancies, as an inter-pregnancy weight increase is associated with increased risk of pregnancy complications, 5 large newborns, 6 and caesarean section. 7 Observational studies have shown that excessive gestational weight gain (GWG) is closely associated with postpartum weight retention (PPWR). 1, 8, 9 However, there are few data from clinical trials to assess whether interventions to limit GWG will facilitate the return to pre-pregnancy weight, as few trials of pregnancy interventions published to date have reported maternal weight outcomes beyond the first weeks after delivery. [10] [11] [12] [13] [14] The clinically relevant question of whether efforts in pregnancy to limit GWG can affect maternal weight 1 year postpartum remains largely unanswered.
The Norwegian Fit for Delivery (NFFD) lifestyle intervention consists of dietary counselling and supervised exercise groups, and was designed to be feasible in a clinical setting, appropriate for both normal-weight and overweight women, and easily reproducible. The principal aim of the NFFD randomised trial was to examine whether the intervention could reduce GWG, obstetrical complications and the proportion of macrosomic infants. Postpartum weight retention at 6 and 12 months after delivery were secondary endpoints. We have previously reported that the NFFD intervention resulted in a 1.3-kg reduction in GWG from pre-pregnancy to term (P = 0.009), without statistically significant changes in obstetrical outcomes, infant birthweight or the incidence of large newborns. We hypothesised that the NFFD intervention would have an effect on the amount of weight retained postpartum or the probability of returning to prepregnancy weight within the 1st year after delivery. We here present the findings of postpartum follow up of maternal weight, performed 6 and 12 months after delivery.
Methods

Study design and participants
NFFD was a randomised, blinded, controlled trial with two parallel groups performed in southern Norway, encompassing the cities of Kristiansand and Mandal, and the more rural surrounding areas. The protocol for the trial has been published previously. 15 Norwegian healthcare clinics provide both pregnancy care and standardised health evaluations of all infants at regular intervals and free of charge. Midwives at eight healthcare clinics enrolled participants between September 2009 and February 2013. Women were eligible if they were nulliparous, with a singleton pregnancy of ≤20 gestational weeks, had a pre-pregnancy body mass index (BMI) ≥19 kg/m 2 , were literate in Norwegian or English, and provided signed, informed consent. Exclusion criteria were pre-existing diabetes, disabilities precluding participation in a physical fitness programme (based on national and international recommendations 16 ), on-going substance abuse, or planned relocation outside the study area before delivery. The first 20 participants made up a feasibility study. The trial protocol was then modified to include an age limit of ≥18 years and to allow randomisation after the completion of initial blood tests and questionnaires. The Norwegian Regional Committee for Medical Research Ethics South-East-C approved the trial and modifications (REK reference 2009/429). The trial was registered at ClinicalTrials.gov with ID NCT01001689.
Randomisation and blinding
After receiving signed consent forms and confirming that blood tests and questionnaires were completed, a research nurse assigned participants consecutively to the intervention or control arm of the study utilising a computer-generated list with a 1:1 allocation ratio and blocks of 20. The research nurse never met participants, had no role in recruitment or measurements, and had no knowledge of questionnaire responses. It was not feasible to blind participants to their group allocation, but they were instructed to refrain from revealing this to assessors. Assessors blinded to group allocation performed record reviews, recording of data and scoring of questionnaire responses.
Intervention
Details of the NFFD dietary and physical activity components and the rationale behind them have been published previously. 15, 17 The dietary component consisted of ten recommendations designed to increase awareness of food choices, with specific advice on portion sizes, limiting snacks, and increasing intake of water, fruit and vegetables. Dietary counselling was performed using two telephone consultations with counsellors who were trained and supervised by the NFFD team. Intervention participants were informed of recommended GWG based on pre-pregnancy BMI and current Institute of Medicine (IOM) guidelines for term pregnancies (normal-weight 11.5-16 kg, overweight 7-11.5 kg, obese 5-9 kg) 1 but were not instructed as to how quickly they were expected to return to pre-pregnancy weight. The physical activity component consisted of access to twice-weekly exercise classes at a local gym facility from randomisation to delivery. All classes followed the same 60-minute programme, led by instructors who were trained and quality-controlled by the NFFD team. Attendance was recorded. Participants were encouraged to be physically active at moderate intensity on an additional 3 days/week. Lifestyle recommendations were reinforced with booklets, access to a NFFD internet site, and invitation to one cooking class, and one evening meeting with information on the NFFD trial and the value of regular exercise and healthy diet in pregnancy. The postpartum period was not specifically addressed in the information provided during pregnancy and there was no intervention performed after delivery.
Among intervention participants ( Figure 1 , n = 296), 259 (87.5%) received both dietary consultations, 28 (9.5%) received one, and nine (3%) received none. All received access to physical fitness classes and 274 (92.6%) attended at least one class. The number of classes attended varied between 0 and 38, with a median of 14. Compliance with the intervention was defined as receiving one or both of the dietary consultations in addition to participating in 14 or more exercise classes.
Participants in the control group received routine prenatal care following Norwegian standards: eight prenatal appointments including one-second-trimester ultrasound examination, with additional care as needed. All pregnant women receive a booklet with advice on prenatal nutrition and physical activity, including recommendations for weight gain based on IOM guidelines. 1 Prenatal care is free of charge and provided as a co-operation between midwives and physicians. Participants in both arms of the study received routine postpartum care, which includes an appointment with a general practitioner at 6-8 weeks postpartum and a home visit from a healthcare nurse, both free of charge.
Measurements
The primary aims of the NFFD trial were to examine whether intervention resulted in differences in the following pregnancy outcomes: GWG, birthweight of term infants, the proportion of term infants >4000 g, maternal fasting glucose levels at 30 weeks gestation, maternal fat percent at 36 weeks' gestation, and the incidence of operative deliveries. PPWR was a secondary endpoint. Pre-pregnancy weight was self-reported. Participants were weighed at their healthcare clinic at inclusion using scales calibrated at trial initiation. Participants' height was measured to the nearest centimetre (cm) using a stadiometer (Seca Leicester, Hamburg, Germany) at gestational week 30. Pre-pregnancy BMI was calculated based on self-reported pre-pregnancy weight and measured height. Participants were weighed on admission to the delivery ward. If missing, the last weight in the antenatal record along with the corresponding date were recorded. Review of maternity records determined gestational age at delivery. Women were weighed by healthcare clinic staff at the time of their infants' routine assessments at 6 and 12 months of age, using healthcare clinic scales. All weights were reported to the nearest whole kilogram, as prescribed by trial protocol. Participants also had the option to be weighed postpartum at Sørlandet Hospital, but few chose this location. Postpartum measurements were collected between September 2010 and September 2014.
Participants completed questionnaires at trial inclusion, gestational week 36, and 6 and 12 months postpartum, either electronically (in Norwegian) or in print (in English or Norwegian). At both 6 and 12 months postpartum the questionnaires included three questions on initiation, duration and exclusivity of breastfeeding. 18 Diet was assessed by 43 food-frequency questions, analysed using a pre-determined score built from 10 subscales corresponding to NFFD recommendations. Total NFFD diet score ranged from 0 to 10 with higher scores indicating healthier behaviour. A detailed description has been published previously. 17 The dietary score has demonstrated acceptable test-retest reliability. 15 Physical activity was assessed with the International Physical Activity Questionnaire (IPAQ) short version, which quantifies physical activity during the last 7 days divided into categories of vigorous intensity, moderate intensity and walking. Responses were scored using IPAQ analysis algorithms as weekly energy expenditure (MET). 19 The IPAQ has been validated in a Scandinavian population. 19 The postpartum questionnaires did not include questions about new pregnancy.
Electronic hospital records, encompassing the southeastern region of Norway, were reviewed from November 2014 to January 2015, to determine subsequent pregnancy. In the event of pregnancy at the time of postpartum follow up, gestational length was calculated based on recorded date-of-confinement.
Sample size
The sample size of the current study was determined based on power calculations for delivery outcomes, rather than on postpartum weight retention. While there were few data on GWG among Norwegian women when planning the trial, reliable data on newborn birthweight were available through the Norwegian birth registry. We expected a 20% prevalence of newborns with a birthweight >4000 g in the control group based on 2005 statistics, 20 and determined that a reduction to 10% in the intervention group would be clinically relevant. We calculated that we required 198 women in each study arm to demonstrate statistical significance with a power of 80%. To allow for participant dropout and premature deliveries, we decided to randomise 600 participants.
Statistical analysis
PPWR was defined as the difference between measured weight postpartum and self-reported pre-pregnancy weight. Assessment of randomisation groups was performed according to the study protocol using Student's t-test for PPWR or chi-squared test and logistic regression analysis for the binary outcome of exceeding pre-pregnancy weight (PPWR >0 or ≤ 0). These statistical tests were also used to assess missing and compliant versus non-compliant intervention participants. Further, a linear mixed-effects model adjusted for time, age, education, income and pre-pregnancy BMI group and with the repeated measurements (i.e. delivery, 6 months postpartum and 12 months postpartum) and randomisation group both as main effects and as an interaction term was estimated. This model contained a random intercept and an AR1 residual matrix and used a robust estimation of standard errors. Exceeding pre-pregnancy weight as a binary outcome was also modelled using a logistic mixed-effects model with a random intercept and the same set of fixed independent variables as for the linear mixedeffect model. The effect of randomisation groups at each repeated measurement was estimated using a linear combination. The effect of compliance with the NFFD intervention on PPWR, diet score and physical activity levels was assessed using a general linear model with Bonferroni posthoc testing and was adjusted for age, pre-pregnancy BMI category, education, income and occupation using multiple linear regression analysis. P-values <0.05 were considered statistically significant. All tests were two-sided. Statistical analyses were performed using SPSS for Windows version 21.0 (IBM Corp, Armonk, NY, USA) and STATA 13 for Windows (StataCorp, College Station, TX, USA).
Results
Participant enrollment and demographics
Participating clinics documented attendance of 4245 women during the inclusion period. We approximate that 1610 were nulliparous, based on detailed data from four participating clinics. The NFFD trial included 606 women (Figure 1 ), equally randomised into intervention and control groups, 591 of whom (97.5%) were included in the intention-to-treat (ITT) analysis of pregnancy outcomes. Of these, 32 women withdrew consent and one control participant delivered a stillborn, such that 558 women (92.4%) remained in the NFFD trial after delivery. A total of 516 women (85.1%) were weighed at least once postpartum: 482 (79.5%) at 6 months and 445 (73.4%) at 12 months postpartum. Questionnaires were completed by 479 participants (79%) at 6 months and 431 participants (71.1%) at 12 months postpartum.
Hospital record review showed 54 pregnancies among those measured 12 months postpartum (25 intervention, 29 control). When new pregnancies were excluded, 201 women (66.3%) remained in the intervention arm and 188 (63.0%) in the control arm of the trial at 12 months postpartum. These women were the primary focus of our analysis and their baseline characteristics are presented in Table 1 . Participants were predominantly white, of European descent. Intervention and control group participants were similar in all categories. Among intervention participants in the present analysis, 115 (56.7%) were defined as compliant and 88 (43.3%) non-compliant with the intervention.
At 12 months postpartum, measurements were missing or excluded for 200 women included in the ITT analysis of pregnancy outcomes: 93 (93/296, 31.31.4%) in the intervention group and 107 (107/295, 36.3%) in the control group (Figure 1) . Compared with measured participants, missing participants were somewhat younger (27.5 versus 28.3 years, mean difference À0.8 years, P = 0.036), had lower educational level (P = 0.003), lower income (P = 0.018), and tended to have a higher pre-pregnancy BMI (24.1 versus 23.5 kg/m 2 , mean difference 0.65 kg/m 2 , P = 0.059) at trial inclusion. Women with missing postpartum data had similar GWG to those measured (15.3 versus 14.8 kg, mean difference 0.6 kg, P = 0.279). Examining intervention and control groups separately showed that low educational level (P = 0.001) and low income level (P = 0.040) were significantly associated with missingness in the intervention group, whereas age was significantly lower only in the control group (mean difference À1.07 years, P = 0.048).
Weight retention
Assessing weight gain patterns for women measured at 12 months postpartum (Table 2) confirmed that GWG (pre-pregnancy to term) was lower in the intervention group than the control group (mean difference À1.3 kg, P = 0.043). Timing of postpartum measurements was equivalent between groups. Measuring weight change from delivery showed no between-group difference. There was wide variation in PPWR in both randomisation groups, with a range of À15 to 28 kg ( Figure S1 ). There was no significant difference in mean PPWR between intervention and control groups (0.66 versus 1.42 kg, mean difference À0.77 kg, 95% CI À1.81, 0.28; P = 0.149). Mixed-effect model analysis was used to assess weight change at delivery, and 6 and 12 months postpartum, adjusting for age, education, income and pre-pregnancy BMI group at inclusion and assuming that data were missing at random. Analysis showed no significant effect of intervention (mean differ- Figure 1 . Flow chart of trial participation. After randomisation, seven women in the intervention arm and six in the control arm were excluded from the intervention, including four women who moved to another region of the country and were considered 'missing completely at random'. Two women in the control group withdrew from the trial and did not consent to analysis of delivery ward records. An additional 29 women (14 intervention group, 15 control group) withdrew from the trial but allowed analysis of delivery records, and three women withdrew from the trial after delivery. In all, 558 women were contacted at 6 months postpartum and again at 12 months postpartum.
ence À0.75 kg at 12 months postpartum, P = 0.122). Examining the proportion of measured women who returned to pre-pregnancy weight at 12 months showed a significant increase in the intervention group compared with the control group: 108 (53%) versus 81 (43%), OR 1.50, 95% CI 1.00, 1.47 (P = 0.045) but the difference was not statistically significant when using logistic mixed-effects models analysis to adjust for missing data (adjusted OR 2.23, P = 0.067).
Record review showed that women measured at 12 months postpartum with new pregnancies had an equivalent gestational length in the two groups: 14.5 versus 15.0 weeks for intervention and control groups, respectively (P = 0.80). There was a trend toward less weight gain in the intervention group (n = 25) compared with the control group (n = 29): 3.16 versus 6.10 kg, mean difference À2.94 kg, 95% CI À6.29, 0.80 (P = 0.074). The trend remained after adjusting for gestational length (adjusted mean difference À2.79 kg, P = 0.069).
Compliance with intervention
A secondary analysis was performed, dividing the intervention group into compliant and non-compliant participants. Women who were compliant with the intervention had higher educational levels than those who were non-compliant (P = 0.029) and they were more often employed outside the home (P = 0.043); however, they were of equivalent age, with equivalent income, pre-pregnancy weight and pre-pregnancy BMI compared with non-compliant intervention participants. Although the two intervention subgroups had equivalent GWG, they had different patterns of PPWR (Figure 2 ). Intervention compliance was associated with significantly lower mean weight retention at 12 months, compared with both non-compliant intervention participants (À0.34 versus 1.95 kg, mean difference À2.29 kg, 95% CI À4.06, À0.53; P = 0.006) and control participants (À0.34 versus 1.42 kg, mean difference À1.76 kg, 95% CI À3.23, À0.29, P = 0.013). The difference in PPWR between women who complied with the intervention and women in the control group remained significant when adjusted for age, pre-pregnancy BMI category, education, income and occupation (2.25 versus 3.79 kg, mean difference À1.54 kg, 95% CI À3.02, À0.05; P = 0.013). There was no significant difference in duration of breastfeeding between women compliant with the intervention and those in the control group (37.3 versus 34.2 weeks, mean difference 3.0 weeks, 95% CI À1.3, 7.5; P = 0.294).
Compliance, physical activity and diet
At inclusion, all participants reported equivalent activity levels as measured by IPAQ scores (Table 1) , with compliant intervention participants recalling slightly lower prepregnancy physical activity levels than the other partici- pants ( Figure 2 ). Both intervention subgroups reported a significantly higher physical activity level in late pregnancy compared with the control group, but postpartum physical activity levels showed little difference between all three groups. The NFFD dietary scores at inclusion were slightly higher for the compliant intervention group than for the control and non-compliant intervention groups, but the difference between groups was only significant in late pregnancy. Postpartum, there was no significant difference between the three groups, although the group compliant with intervention consistently scored highest.
Discussion
Main findings
This large randomised controlled trial showed that the NFFD lifestyle intervention had little effect on PPWR, although there was a trend toward greater return to pre-pregnancy weight in the intervention group. Compliance with the NFFD intervention was associated with a significantly lower PPWR compared with the control group, also when adjusted for socioeconomic factors. While intervention participants (both the whole group and the compliant subgroup) reported significantly higher dietary scores and physical activity levels in late pregnancy compared with control participants, these differences were no longer found postpartum.
Strengths and limitations
Prospective randomised controlled design is a major strength of the NFFD trial. It is also among the largest published, and among the few trials of lifestyle interventions to limit GWG that has followed its participants 12 months postpartum. The trial was pragmatic in nature, including women attending routine antenatal appointments rather than a potentially more selected population recruited through advertising.
Despite the size of the NFFD trial, an even greater sample size may be needed to assess PPWR. To detect a 1.0-kg difference in mean PPWR with the degree of variation here found, approximately 400 participants would be needed in each arm. To allow for loss to follow up, conservatively estimated at 30-40% when new pregnancies are included, an adequately powered trial would require 1000-1500 participants. PPWR is a clinically important outcome, and highly relevant in an assessment of GWG interventions, but adequate evaluation may require combining findings with those of other trials.
NFFD participants were older and had higher educational levels compared with the background population, 21, 22 and data from women with lower socioeconomic status and higher BMI were more likely to be missing from postpartum follow up. The women included in the study were predominantly white, European, and highly educated, with relatively few overweight and obese participants. Trial par- ticipation required that women were sufficiently motivated to complete testing before randomisation, and postpartum follow up was further limited to those motivated enough to continue participation. Although we have attempted to adjust for these factors in our analysis, they may limit the reproducibility and validity of results.
Self-reported pre-pregnancy weight was used to calculate pre-pregnancy BMI and define baseline in calculating PPWR. Although it has demonstrated strong validity in earlier studies, 11, 23 self-reported weight remains subjective. Information on breastfeeding was also self-reported, but similar questions have been shown previously to provide an accurate estimation of the duration of breastfeeding. 24 Dietary patterns and physical activity levels were also self-reported using questionnaires. Although diet is difficult to measure objectively, use of accelerometers might have allowed more objective evaluation of physical activity.
Interpretation
Few published trials have studied the effect of GWG interventions performed during pregnancy on weight retention beyond the first weeks after delivery. Two randomised trials have reported the effects of prenatal lifestyle counselling on PPWR at 12 months. Phelan et al. found no effect of intervention using an intention-to-treat analysis, but a significant reduction in PPWR among those who completed follow up (n = 261, 1.4 versus 3.0 kg, P = 0.046), 12 whereas Althuzien et al. found no effect of intervention on PPWR (n = 188, 2.5 versus 2.3 kg) despite including one counselling session after delivery. 25 Vinter et al. 14 reported no effect of intervention on PPWR at 6 months (n = 238, exclusively obese) in a randomised trial that previously demonstrated significant reduction in GWG. Olson et al. 26 compared prenatal dietary counselling and weight monitoring (n = 155) with historical controls (n = 348) and found no effect on PPWR at 1 year; however, they reported decreased risk of substantial PPWR in a subgroup of low-income, overweight women who received intervention. These trials were all limited in size but suggest that modifying PPWR is difficult, and that limiting GWG may not reduce PPWR.
At 12 months postpartum, data were missing or excluded for over 30% of NFFD participants. Other gestational interventions have reported similar loss to follow-up postpartum. 12, 14 The NFFD trial was designed to facilitate compliance by performing measurements at the time of infant healthcare clinic appointments, but many women are fully employed at 1 year postpartum and may not attend themselves. Missing data is accounted for in our presentation, and statistical analysis is used to compensate for losses, but incomplete data nonetheless limit our ability to draw conclusions from our findings.
In the NFFD trial, mean PPWR was low in both the control and intervention group, compared both with other trials that have assessed PPWR 12, 25, 27 and with a published cohort of 19 604 nulliparous Norwegian women that described a mean PPWR of 2.1 kg at 18 months (not measured at 12 months). 28 The Norwegian cohort was similar to our population in age, pre-pregnancy BMI and educational status. This suggests that control participants could be influenced by trial participation. Women in both arms of the study lived in the same geographical area and attended the same healthcare clinics, where performing the trial focused attention on healthy diet, prenatal physical activity and GWG. Repeated weighing during pregnancy and postpartum may also have increased awareness of weight change in both groups. 29 Analysis of compliance demonstrated that participation in the intervention elements was associated with lower PPWR. However, we cannot conclude that these findings are the result of intervention, as this population is selfselected and random assignment is set aside. Analysing factors associated with compliance may be informative, as motivation and compliance are central to the evaluation of healthcare interventions. 30, 31 We found that women with lower educational levels were underrepresented in the compliant sub-group. Low educational levels have been linked to obesity prevalence throughout Europe, particularly among women. 32 Our findings expose a major challenge, as effective interventions that decrease the risk of developing obesity are particularly needed in this group. Analysis of obesity-prevention interventions has suggested that interventions which rely solely on education and individual choice place women with lower socioeconomic status at a disadvantage. 33 The use of structural intervention elements, such as exercise classes in the NFFD intervention, would be expected to increase effectiveness in this group. Making classes easily accessible by public transportation and allowing for participation in exercise classes during work hours might have improved attendance. Language assessment, to assure that intervention elements and questionnaires were appropriate for women of all educational levels, would also have been useful.
The effect of the NFFD intervention on PPWR appeared to be achieved through lifestyle changes in pregnancy rather than postpartum, as both diet scores and physical activity levels for the intervention group approached those of the control group postpartum. This was also true for women who complied with the intervention, suggesting that participants interpreted the intervention as a lifestyle to be adopted during pregnancy rather than maintained indefinitely. This may explain the trend toward lower GWG observed among women in the intervention group who were pregnant again, compared with the control group. All participant groups reported a decline in physical activity level postpartum compared with pre-pregnancy, probably reflecting the radical change in daily life experienced by first-time mothers caring for an infant. The intervention might have been improved by explicitly incorporating information on the postpartum period and beyond.
Conclusion
Providing the NFFD intervention had little measurable effect on the outcome of PPWR, although women who were compliant with the intervention demonstrated significantly lower weight retention 12 months postpartum. Combining results with those of other relevant studies may provide additional information about the effect of gestational lifestyle intervention. At the present time, lifestyle interventions provided during pregnancy have demonstrated little effect on maternal weight postpartum and therefore highlight the need for more long-term, preferably pre-pregnancy, initiatives to prevent overweight and obesity among young women.
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